In this short note, we prove some basic results on pseudo Schur complement and the pseudo principal pivot transform of a block matrix. Pseudo Schur complement and pseudo principal pivot ransform are extensions of the Schur complement and the principal pivot transform, respectively, where the usual inverse is replaced by the Moore-Penrose inverse. The objective is to record these results for use in future.
Introduction
Let R m×n denote the set of all real matrices of order m × n, R n denote the n dimensional real Euclidean space and R n + denote the nonnegative orthant in R n . For a matrix M ∈ where A ∈ R k×k is nonsingular. Then the classical Schur complement of A in M denoted by M/A is given by F = D − CA −1 B ∈ R (m−k)×(n−k) . This notion has proved to be a fundamental idea in many applications like numerical analysis, statistics and operator inequalities, to name a few. This expression for the Schur complement was fruther extended by Carlson [1] to include all matrices of the form D − CA {1} B, where A {1} denotes any arbitrary {1}-inverse of A (A {1}-inverse of A is a any matrix X which satisfies AXA = A).
Carlson proved that this generalized Schur complement is invariant under the choice of
. He studies the relationship of the generalized Schur complements to certain optimal rank problems.
The expression D − CA † B, is also referred to in the literature as the generalized Schur complement [2] , where the Sylvester's determinantal formula and a quotient formula are proved, among other things. Nevertheless, since we will be concerned with the case of the Moore-Penrose inverse (which is also called the pseudo inverse), we shall refer to it as the pseudo Schur complement.
Again, consider M, partitioned as above. If A is nonsingular, then the principal pivot transform (PPT) of M is the block matrix defined by
where F is again, the Schur complement
For an excellent survey of PPT we refer the reader to [4] . Just as in the case of the generalized Schur complement, it is natural to study the PPT when the usual inverses are replaced by generalized inverses.
Meenakshi [3] , was perhaps the first to study such a generalization for the Moore-Penrose inverse.
The principal pivot transform involving the Moore-Penrose inverse has been studied in the literature. In what follows, we consider it once again, albeit with a different name, the pseudo principal pivot transform. We also find it natural to consider the complementary pseudo principal pivot transform. 
where
The complementary pseudo principal pivot transform of M relative to D is defined by
We now prove two extensions of the domain-range exchange property, well known in the nonsingular case.
are related by the formula:
Proof. We prove (i). The proof for (ii) is similar. 
. First, in the following example, we show that H † = J in general.
Now, we give the necesarry conditions under which H † = J. Once again, the natural conditions are handy.
It is well known that the Schur complement and formulae for inverses of partitioned matrices go hand in hand. We proceed in the same spirit, where we first consider the Moore-Penrose inverse of partitioned matrices. The following result is quite well known.
This has been proved in [2] . However, we provide an alternative proof for the sake of completeness and ready reference.
Finally,
where we have used the facts that AA † B = B (since R(B) ⊆ R(A)) and CA † = F F † CA † (since R(CA † ) ⊆ R(F )). Clearly, (MX) T = MX, completing the proof.
Next, we illustrate the above theorem with the help of example. 
